Abstract. The main aim of the present study was to investigate the effects of soccer-specific training on physical fitness components in adolescent elite soccer players and make comparisons with older counterparts. Twenty two male soccer players from the Serbian First Division team were allocated to two assigned trials according to age -young group (YG) and mature group (MG). Players in their teenage years (19 years and younger) were assigned to YG (10 subjects) and others to MG (12 subjects). Between the first and second test session, all subjects followed six weeks of soccer-specific periodized training programme. There were no differences between groups at pre-and post-training trial for body mass, vertical jump height, average anaerobic power and VO 2max (P>0.05). Body fat was significantly lower in YG before and after training program as compared to MG (P<0.05). Body mass and fat dropped significantly in both groups after training program (P<0.05). Furthermore, average anaerobic power and VO 2max along with vertical jump height, were significantly improved in both groups (P<0.05) at posttraining performance. Finally, the magnitude of change in VO 2max was significanty superior in MG as compared to YG after training program (18.3 vs. 7.8%; P<0.05). The findings of the present study indicate that the trainability indices are not highly influenced by age in top-level soccer players.
Introduction
Soccer at the professional level of play is arguably the world's leading team sport, performed by men and women, children and adults with different level of expertise [19] . Aspects such as experience, body composition, endurance, balance between anaerobic and aerobic power, among other factors, are of primary importance in development and evaluation of elite players [17] . More than ever, adolescents with exceptional performance abilities are being encouraged to train and compete intensely and players of teenage years do feature in all top club teams [18] . While adolescent's physiological responses to training are qualitatively similar to those of adults, there are several age and development-related quantitative differences in trainability [4, 8, 14] . Of special interest to the sport scientist involved in soccer are the effects of training on the young elite players. Relatively little information are available regarding the degree of trainability of muscular function or aerobic power in junior players compared with senior elite soccer players [3, 6, 9] . Therefore, the main aim of the present study was to investigate the effects of training on physical fitness components in young elite soccer players and make comparisons with older counterparts.
Materials and Methods
Subjects: Twenty two male soccer players from the Serbian First Division Super League team gave their informed consent and volunteered to participate in the study, which had the approval of the Faculty's Ethical Advisory Committee. All participants were fully informed verbally and in writing about the nature and demands of the study. They completed a health history questionnaire and were informed that they could withdraw from the study at any time, even after giving their written consent. All subjects were in good health, participating in consistent soccer training at least for the past 2 years. The first testing was conducted at the beginning of the pre-conditioning period (after two weeks of rest) and the second session at the beginning of the first round of the championship. Between the first and second test session, all subjects followed six weeks of soccer-specific periodized training programme [11] , controlled by certified conditioning coach. All subjects were assessed on the same day, and the tests were performed in the same order. Seven days prior to the first and second test session, all subjects consumed similar programmed standardized diet to ensure that their glycogen stores were equally loaded. In the 24 h before the measurements, the subjects refrained from any prolonged exercise. The players were allocated to two assigned trials according to age -young group (YG) and mature group (MG). Players in their teenage years (19 years and younger) were assigned to YG (10 subjects; 18.5±0.5 years) and others to MG (12 subjects; 25.8±3.2 years). In aim to minimize transitive effects, subjects with age of 20 and 21 were excluded from the study. Groups were matched (YG vs. MG) for subjects' weight (77.5±7.3 vs. 78.6±5.5 kg) maximal oxygen uptake (49.9±3.2 vs. 48.0±2.5 ml·kg -1 ·min -1 ), vertical jump height (55.2±3.9 vs. 53.9±4.8 cm) and playing positions (all positional roles were equally represented in both groups) to balance the difference in skill. To ensure greater homogeneity of subjects, only the data for the outfield positions were used (goalkeepers' results were excluded) in this study. There were no statistical differences between the groups (P>0.05) on the items they were matched on.
Experimental procedures: Subjects reported to the examination field at 10 a.m. after rest of between 10 and 12 h. On the test day, subjects consumed a controlled breakfast (providing an average of 700±50 kcal) two hours before the test. After that period, all subjects drank only plain water ad libitum. Upon entering the laboratory, height was measured using a stadiometer (Seca 202, USA) to the nearest 0.1 cm while body mass was obtained to the nearest 0.1 kg using a calibrated balance beam scale (Avery Ltd, Model 3306 ABV). The subjects were measured nude, in the same state of hydration and nourishment after voiding. Total body resistance was measured with a foot-pad bioelectrical impedance analyzer (BF-662W, Tanita Corporation, Japan) at a fixed signal frequency of 50 kHz and 500µA. The subject's height, age in years, sex and level of activity were entered into the BIA device. Height was entered to the nearest 1 cm. Level of activity was entered according to manufacturer's definition of athlete (person involved in intense physical activity of approximately 10 hours per week and who has a resting heart rate of approximately 60 beats per min or less). The subjects stood erect with feet shoulder-width apart, arms parallel to the ground and elbows extended. Relative body fat estimated by the manufacturer's equation was digitally displayed and recorded. When these preliminary measurements were finished, subjects completed a warm up (15-min of sprints and individual exercise). Vertical jump height was measured using a contact mat (Just Jump System, US Probotics). All subjects had a preparatory bounce before measurement and the computer connected with platform calculated jump height from time the subject was off the mat. The calculation of jump height assumed that the takeoff and landing positions of the body's center of gravity were the same. Subjects were instructed to keep the trunk as straight as possible and try to land back on the mat on the same spot and with the same body position as when they took off (i.e., trunk and legs straight). Afterwards, each subject completed Running-Based Anaerobic Sprint Test (RAST) [23] with -----calculated relative average anaerobic power (AAP) in watts per kilogram. Finally, the endurance multistage shuttle-run test was conducted with maximal oxygen uptake estimated from distance completed [13] . The athletes were familiar with mentioned procedures as part of their regular training process.
The data are expressed as means ± SD. Statistical analysis was performed using Student's t test with Bonferroni correction for repeated comparisons. To evaluate between-group differences in physical fitness degree of change, analysis of covariance was used. P values of less than 0.05 were considered to be statistically significant. The data were analyzed using the statistical package SPSS, PC program, version 7.5 (SPSS Inc., USA). All results are shown in Table 1 and Table 2 . There were no differences between groups at pre-and post-training trial for body mass, vertical jump, AAP and VO 2max (P>0.05). Body fat was significantly lower in YG before and after training program as compared to MG (P<0.05). Body mass and fat dropped -----significantly in both groups after training program (P<0.05). Furthermore, AAP and VO 2max along with vertical jump height, were significantly improved in both groups (P<0.05) at post-training performance. No significant differences were found for degree of changes in body mass, body fat, vertical jump, and AAP after training between MG and YG (P>0.05). Finally, the magnitude of change in VO 2max was significanty superior in MG as compared to YG after training program (18.3 vs. 7.8%; P<0.05). No subjects dropped from the study. 
Results

Discussion
Although more and more young athletes successfully train and compete at toplevel in soccer, there are concerns about the physiological limitations of adolescents trainability. Compared with training studies in adults, relatively little is known about the trainability of adolescents, probably due to major methodological constraints in designing studies [4] . Yet, it is generally accepted that adolescents respond to basic conditioning or specific training regimens with less improved exercise performance as compared to older athletes [3] . However, the findings of the present study indicate that the trainability indices are not highly influenced by age in top-level soccer players. We found similar physiological responses to soccer-specific training program in both teenagers and mature players.
Physique of soccer players is likely to change during the pre-season conditioning as a result of intensive training schedule and heavier metabolic loading imposed [18] . The greatest change in body composition of the adolescents occurs in lean body mass and fat mass [7, 14] . In the present study we found -----significant body mass and fat loss after 6-weeks of training program in both groups of subjects, with similar magnitude of change. Decrease of body fat and weight as a consequence of increased energy expenditure through training has been demonstrated in several studies with both young and mature athletes [16, 20] . It appears that in active adolescent males fat deposition declines as a complex and interactive result of biological inheritance, growth and sex hormones, nutritional status and energy expenditure [14] . Moreover, we found that body fat was significantly lower in teenage subjects both pre-and post-training as compared to their older counterparts. Guo et al. [10] clearly demonstrated that late adolescent boys tended to show a lower body fat percentage as compared to adults. Reported difference could be related with decrease of leptin [5] or predominance of androgenic hormones in young athletes which could contribute to lipolysis and inhibited the fat-storing capacity of lipoprotein lipase [7] .
Recent training studies showed relatively clear picture of how biological maturation influences adaptations to physical stress [1, 8] . Yet, the trainability of young athletes in activities that rely largely on anaerobic metabolism is difficult to define. Several investigators claimed that indices of relative anaerobic performance during high intensity exercise are lower in adolescents than in adults [6, 9] . Various physiological mechanisms have been postulated to explain lower anaerobic fitness and trainability in younger populations. Lower sympathoadrenal and enzymatic activity, maturational differences in muscle fiber distribution, immature testosterone responses, among other factors, could be responsible for suboptimal anaerobic performance and inadequate trainability in youngsters [14] . On the other side, Fournier et al. [8] postulated that anaerobic trainability of young athletes could be similar to adults since the activity of the rate-limiting glycolytic enzyme increased by 21% due to 3 months of sprint training in adolescent boys. According to the results of the present study, we didn't found any significant differences in anaerobic indices between young and mature players before and after training program. Moreover, it seems that anaerobic power and capacity are almost equally trainable in both adolescent and mature soccer players. The magnitude of improvement in anaerobic fitness through superior vertical jump and improved relative average anaerobic power in RAST after the training are similar in both groups. The equality of anaerobic potential and trainability between groups could be due to adaptive response to years of anaerobic training practices in young athletes. It seems that particular group of adolescent players in our study developed enhanced anaerobic responses as their older counterparts. The similar gains in anaerobic potential induced by training could be due to increased enzymatic -----activity, increase of muscle cross-sectional area and total muscle mass and/or anabolic responses in adolescent players, which needs further investigation.
Training-induced changes in aerobic fitness have been extensively studied in young athletes but the subjects of the responses to aerobic training of late adolescents are particularly controversial. It seems that aerobic training (interval or continuous) leads to a mean improvement of 5-10% of VO 2max in active children and adolescents as compared to improvement magnitude of 20% or more in adult athletes [1] . In the present study we found significant increase of aerobic capacity in both young and adult soccer players as a consequence of training, with no difference between groups at pre-and post-training performance. However, the magnitude of change is superior in mature players (18.3 vs. 7 .8%) as compared to their younger counterparts. Several authors confirmed diminished level of physiological aerobic trainability in young athletes [2, 22] . With a period of endurance training, increases in VO 2max in young athletes are generally no more than one third of those expected in adults [12] . According to this, the superior gain in aerobic capacity in older subjects could be due to increased plasma volume, proportionally higher muscle mass, higher blood oxygen carrying capacity and larger maximal cardiac output, which requires further investigation. Since the training load was similar, older subjects greatly improved aerobic fitness probably due to fully developed endocrine, cardio-respiratory and musculoskeletal system. Moreover, longer professional training experience (soccer-specific training) could induce different adaptability of mature athletes to aerobic training stimulus [15, 21] . Yet, the relative improvement of nearly 20% of VO 2max in mature group could be related with lower initial level of conditioning before training program. Significant reduction in aerobic fitness have been reported to occur within 2 to 4 weeks of training cessation, despite the prior prolonged periods of aerobic training [15] . It appears that two weeks of rest before the first test performance could result in substantial loss of aerobic power in mature subjects. In other words, young players were probably partially trained or more active during the rest period while mature subjects were detrained. More research with appropriate study design is needed to confirm this claim.
Conclusions
The trainability of elite adolescent athletes presents a unique challenge to the sport scientists. According to our results, it seems that adolescents could improve their aerobic and anaerobic performance through similar mechanisms as adult athletes. However, it's difficult to determine physiological changes induced by -----training from those accompanied with maturation, particularly in group of late adolescents. Simply dividing players by age is a major limitation of the study, as chronological age does not provide a reliable indication of biological age and maturity level. Unfortunately, we were unable to select a comparable control group that does not train and with controlled habitual activity along with similar developmental stage with trainees, in aim to isolate the training effect. It is apparent from the limited data available that the understanding of trainability during adolescence requires future research so the conclusions based on the present study should be taken as tentative. In conclusion, since there was no strong effect of age for the trainability, the findings of the present study are more likely to be the result of the training background of the players than their age. According to the results of the present study it seems that late adolescent and mature professional soccer players are almost equally trainable.
